Lipoprotein (a) [Lp(a)] is an LDL-like particle that contains an apolipoprotein B100 molecule covalently bound to a plasminogen-like glycoprotein, apolipoprotein (a) [apo(a)].
Introduction
Lipoprotein (a) [Lp(a) ] is a plasma lipoprotein consisting of a cholesterol-rich LDL particle with one additional protein -apolipoprotein (a), attached via a disulfide bond to apolipoprotein B100 (Utermann 1989) . The plasma levels of Lp(a) are under strong genetic control via variations in the lipoprotein (a) [LPA] gene, especially the LPA kringle IV 2 repeats, which encode apo(a) and exist in multiple copies (Boerwinkle et al. 1992) .
The interindividual range of Lp(a) concentrations is very wide from less than 0.1 mg/dl to more than 300 mg/dl. Few people lack Lp(a) in their plasma. The broad range in Lp(a) distribution is known for all populations and is highly skewed towards low levels in most ethnic groups (Kronenberg 2016) .
Lp(a) blood concentrations are primarily determined by the apo(a) gene, LPA, (Boerwinkle et al. 1992) and are negligibly affected by lifestyle modifications, such as diet and exercise. It is also commonly accepted that plasma Lp(a) levels remain relatively stable over an individual´s lifetime (Marcovina et al. 1994 , Nordestgaard et al. 2010 .
Both serum Lp(a) levels (Ergou et al. 2009 , Danesh et al. 2000 and LPA gene variants (Kamstrup et al. 2009 , Clarke et al. 2009 ) have been reported to be strongly associated with the risk of CVD.
Surprisingly, recent studies found that serum Lp(a) concentrations are inversely associated with T2DM (Mora et al. 2010 , Kamstrup and Nordestgaard 2013 , Ye et al. 2014 , pre-diabetes, insulin resistance and metabolic syndrome (Ding et al. 2015 , Sung et al. 2013 , Marzano et al. 2014 . The potential reasons for an inverse association between Lp(a) and T2DM are unknown. Some animal studies suggest an effect of insulin in reducing Lp(a) levels (Neele et al. 1999) . Thus Lp(a) might be another lipoprotein, that is associated with metabolic syndrome characterized by insulin resistance.
As there are some differences in Lp(a) levels, distribution patterns, and a slightly different association of Lp(a) with risk of CHD in various racial/ethnic groups (Guan et al. 2015) , it seems reasonable to study pathophysiological associations of this unique lipoprotein in various populations.
We examined the association of Lp(a) with markers of insulin resistance and metabolic syndrome in asymptomatic dyslipidemic Caucasian subjects of European ancestry.
Methods

Study design and subjects
The study was carried out as a cross-sectional study on asymptomatic dyslipidemic subjects who had been examined at the Lipid Center of the 3 rd Department of Internal Medicine, University Hospital Olomouc, Czech Republic. All the dyslipidemic subjects filled out a questionnaire on their medical history, especially their cardiovascular status, medication and smoking habits. All the subjects were tested for an underlying cause of secondary hyperlipidemia: diabetes mellitus, hypothyroidism, hepatic or renal impairment, and nephrotic syndrome. Subjects with these diagnoses were not enrolled in the study. Other exclusion criteria were a history of clinically manifest atherosclerosis (coronary artery disease, cerebrovascular ischemic disease, and peripheral arterial disease), hypolipidemic treatment in the previous six weeks, and the clinical presence of acute infectious disease or trauma. Dyslipidemia was defined as total cholesterol >5 mmol/l or triglycerides (TG) >1.5 mmol/l or both. Most authorities recommend TG level ≥1.7 mmol/l for definition of hypertriglyceridemia. The reason why we have chosen the TG level >1.5 mmol/l is justified by the fact that the clinical definition of the most common familial dyslipidemia, the so called familial combined hyperlipidemia, is based (besides other requirements) on concomitant presence of ApoB >1.2 g/l and TG >1.5 mmol/l in several family members (de Graaf et al. 2004) . Furthermore, small dense LDL start to increase at the TG level >1.5 mmol/l (Campos et al. 1992) . Nevertheless, in our cohort only 5 subjects had TG levels in the range 1.5-1.7 mmol/l.
Six hundred and seven subjects (295 men and 312 women, mean age 45.6±14.0 years) fulfilled the above-mentioned criteria and were included in the study. The study was reviewed and approved by the Institutional Ethics Committee of the Medical Faculty and University Hospital and informed consent was obtained from all participants.
Anthropometric and laboratory measurements
The body mass index (BMI), waist circumference (WC), systolic (SBP), and diastolic (DBP) blood pressure were determined. The WC was measured in the standing position, at the middle point between the anterior iliac crest and the lower border of the ribs. The auscultatory method of BP measurement with a properly calibrated and validated mercury sphygmomanometer was used. At least three sitting BP measurements were taken at 30-s intervals and the mean of the last two was calculated. Patients treated with antihypertensive drugs or with SBP ≥ 140 or DBP ≥ 90 mm Hg were assumed to be hypertensive.
For a diagnosis of MS we used a harmonized definition (Alberti et al. 2009 ). The presence of any three of five risk factors constitutes a diagnosis of MS: elevated WC (WC ≥102 cm in men and ≥88 cm in women); triglycerides ≥1.7 mmol/l (drug treatment for elevated TG is an alternative indicator -not present in our cohort); reduced HDL-C <1.0 mmol/l in men and <1.3 mmol/l in women (drug treatment for reduced HDL-C is an alternative indicator -not present in our cohort); elevated blood pressure (systolic ≥130 and/or diastolic ≥85 mm Hg or antihypertensive drug treatment in a patient with a history of hypertension), and elevated fasting glucose ≥5.6 mmol/l (drug treatment of elevated glucose is an alternative indicator -not present in our cohort).
Biochemical analyses
Venous blood samples were drawn in the morning after a 12-h fast. Total cholesterol (TC), triglycerides (TG), and HDL-cholesterol (HDL-C) were determined enzymatically on a Modular SWA analyzer (Roche, Basel, Switzerland) using commercially available kits (Cholesterol SYS 917, Triglycerides GPO-PAP and HDL cholesterol plus, third-generation kits, Roche, Basel, Switzerland). The determination of HDL-C was performed by a direct method without precipitation of lipoproteins containing apoB. LDL-C levels were calculated according to the Friedewald formula (Friedewald et al. 1972) in subjects with TG ≤4.5 mmol/l (77 subjects had TG levels >4.5 and LDL-C was not calculated). Therefore, we calculated the non-HDL cholesterol (non-HDL-C = TC -HDL-C). Atherogenic index of plasma (AIP) was calculated as a log (TG/HDL-C) with TG and HDL-C expressed in molar concentrations. This index was proposed by Dobiasova and Frohlich (2001) and Frohlich and Dobiasova (2003) . The concentration of apolipoprotein B (ApoB) and apolipoprotein A1 (apoA1) was determined immunoturbidimetrically on a Modular SWA analyzer (TinaQuant Apo A1, TinaQuant Apo B kits, all Roche, Basel, Switzerland). Lipoprotein (a) [Lp(a)] was determined immunoturbidimetrically using a Lipoprotein (a) Tina-Quant TQ kit (Roche, Basel, Switzerland). Glycemia was determined by means of the enzymatic-colorimetric method (Glucose GOD-PAP kit) on a Modular SWA analyzer. Insulin was determined using commercially available kits -Insuline (Immunotech, Marseille, France) using specific antibodies by the IRMA (immunoradiometric assay) method. The result obtained was then used for the calculation of the parameter of insulin resistance HOMA [homeostasis model assessment: fasting glycemia (mmol/l) * fasting insulin (mU/l) / 22.5]. C-peptide was determined using commercially available kits -C-peptide (Immunotech, Marseille, France) using specific antibodies by the IRMA method. Concentrations of insulin and C-peptide were measured in the serum stored at -80 °C.
Statistical analyses
All the values are expressed as means ± SD or as median (interquartile range) for variables with non-normal distribution. The Kolmogorov-Smirnov test was used to test for normal distribution. Variables with a non-normal distribution (Lp(a), TG, insulin, HOMA, C-peptide) were log-transformed to normalize their distribution before statistical analysis. The differences between the groups were analyzed using ANCOVA and adjusted for age and sex, and age, sex, and BMI. Relationships between continuously distributed values were examined by Spearman´s correlation coefficient. Logistic regression analysis was used to determine the odds ratio (OR) and 95 % CIs of having increased markers of insulin resistance (4 th quartile) and MS in a top quartile of Lp(a) compared to Lp(a) quartile 1. Statistical analysis was performed using SPSS for Windows version 12.0 (Chicago, Illinois, USA). Due to multiple testing of the data, probability values of P<0.01 were considered statistically significant. 
Results
The clinical and biochemical characteristics of the whole group are summarized in Table 1 .
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In the whole group, Lp(a) correlated inversely with TG (p˂0.001), AIP (p˂0.001), insulin (p˂0.005), HOMA (p˂0.005), BMI (p˂0.001), waist circumference (p˂0.005), and number of MS components (p˂0.001). On the contrary, a positive correlation between Lp(a) and HDL-C (p˂0.05), and ApoB (p˂0.05) was found. Negative correlation of Lp(a) with TG and positive correlation with HDL-C indicates that Lp(a) shows an inverse relationship with the atherogenic dyslipidemia characteristically associated with insulin resistance.
The results according to lipoprotein (a) quartiles are summarized in Table 2 . Significant differences between quartiles of Lp(a) were found for TG, AIP, BMI, and prevalence of MS. Most prominent differences were found for TG, AIP, and prevalence of MS which persisted after adjustment for age, sex, and BMI. The odds ratios of having increased markers of insulin resistance (TG and HOMA) and MS in the top quartile of Lp(a) also indicate an inverse association of Lp(a) with insulin resistance (Table 3) . 2009), p -statistical significance without adjustment, p* -statistical significance after adjustment for age and sex. As multiple testing of the data was performed, only p<0.01 was considered as significant (written in bold).
Discussion
In our study, we observed an inverse association of serum Lp(a) concentrations with markers of insulin resistance (TG, AIP, insulin, HOMA, BMI, waist circumference, and number of MS components), and MS, characteristically associated with insulin resistance. In agreement with this, significant differences were found in TG, AIP, HOMA, BMI, and prevalence of MS between quartiles of Lp(a). Prevalence of MS decreased from the lowest to the top quartile of Lp(a) . This is in agreement with recently published studies. Sung et al. (2013) described the inverse association between Lp(a) levels and metabolic syndrome and its components in a large Asian South Korea cohort. Similarly inverse association between serum Lp(a) and type 2 diabetes, prediabetes, and insulin resistance was described in the Chinese population (Ding et al. 2015) . Marzano et al. (2014) described independent inverse association between insulin resistance (according to HOMA) and Lp(a) blood levels in 527 hypertensive patients of the Italian population.
In They demonstrated a significantly elevated Lp(a) levels in patients with coronary heart disease. Nevertheless, they did not evaluate either markers of insulin resistance or metabolic syndrome. Lp(a) levels of 70 T2DM patients of their cohort did not differ from non-diabetics.
An inverse association between Lp(a) and measures of glucose and insulin in a population of Mexican Americans having a high prevalence of non-insulin-dependent diabetes mellitus was even described in 1998 by Rainwater and Haffner (1998) . Their glucose-intolerant individuals had significantly lower Lp(a) concentrations and a significant increase of residual apo(a) size. Haffner et al. (1995) also observed a positive correlation between insulin sensitivity and Lp(a) levels in normoglycemic men. Until recently, little attention has been paid to this issue as Lp(a) was not a therapeutic target at this time.
Large scale prospective studies and meta-analysis data show that increased Lp(a) levels are a risk factor for CVD (Bennet et al. 2008 , Kamstrup et al. 2008 , Ergou et al. 2009 , Danesh et al. 2000 . Mendelian randomization analyses in two human genetic association studies provide support for a probable causal role of elevated Lp(a) in the development of cardiovascular disease in the general population (Kamstrup et al. 2009 , Clarke et al. 2009 .
Elevated Lp(a) levels may increase the risk of CVD/CHD: i) via accelerated atherogenesis as a result of intimal deposition of Lp(a) cholesterol, ii) via binding of proinflammatory oxidized phospholipids to Lp(a), iii) via prothrombotic/anti-fibrinolytic effects as the apolipoprotein(a) possesses structural homology with both plasminogen and plasmin (but has no fibrinolytic activity), or iiii) via all these mechanisms (Kroneberg 2016) . The association of Lp(a) with CVD/CHD risk in general population is continuous without a threshold or dependence on LDL-or non-HDL-cholesterol levels (Kamstrup et al. 2008) .
Patients with T2DM have a two-to four-fold higher cardiovascular risk than the non-diabetics (Almdal et al. 2004) . Surprisingly, Lp(a) probably does not play any role in this high risk. Prospective study of healthy US women (Women´s Health Study [WHS] ) revealed inverse association between Lp(a) and the risk of incident T2DM (Mora et al. 2010) . Moreover, data from Copenhagen City Heart Study and the Copenhagen General Population Study also showed that low concentrations of Lp(a) were associated with a risk of T2DM (Kamstrup and Nordestgaard 2013) and similar findings were observed Vol. 66 in EPIC-Norfolk cohort (Ye et al. 2014 ). However, Mendelian randomization studies, that used genetic variant rs10455872 elevating Lp(a) levels as an instrument, did not support a causal association of Lp(a) with the risk of T2DM Nordestgaard 2013, Ye et al. 2014) . Nevertheless, a causal association for large lipoprotein (a) isoform size with T2DM cannot be excluded (Kamstrup and Nordestgaard 2013) . According to Kronenbegr (2016) SNP rs10455872 is an imprecise instrument to support or exclude causality of low Lp(a) levels for T2DM. Better genetic instruments are probably necessary to clarify this issue.
Furthermore, prospective study of two cohorts of T2DM from Nurses´ Health Study and the Health Professional Follow-Up Study support the notion that the effect of Lp(a) on CVD risk among diabetic patients might be different from that in the general population. Qi et al. (2012) evaluated relationship between genetic loci influencing Lp(a), plasma Lp(a) levels, and cardiovascular disease risk among diabetic patients and compared it with the observations in the general population. They did not find any significant association between plasma levels of Lp(a) and CVD incidence in T2DM subjects, and consistently, none of the Lp(a) SNPs were associated with CVD risk or mortality in these diabetic cohorts. The genetic effect of Lp(a) on CHD risk showed a significant heterogeneity between the diabetic and general population. Their results suggest that diabetes states may attenuate the relation between Lp(a) and cardiovascular risk.
The potential reasons for an inverse association between Lp(a) and features of insulin resistance and T2DM are unknown. Some human and animal studies suggest an effect of insulin in reducing Lp(a) levels. For example, Rainwater and Hafner (1998) found an inverse correlation of Lp(a) levels with fasting insulin and 2-h glucose concentrations in both diabetic and nondiabetic participants. Neele et al. (1999) showed that insulin suppressed apo(a) synthesis by primary cultures of cynomolgus monkey hepatocytes. These data suggest that insulin resistance may be manifested by a lowering of Lp(a) levels that precedes overt T2DM diagnosis. Thus Lp(a) might be another lipoprotein, that is associated with metabolic syndrome characterized by insulin resistance.
A recently published genome-wide study uncovered wide-spread causal effects of Lp(a) on overall lipoprotein metabolism, and especially causal associations between Lp(a) and systemic triglyceride and VLDL metabolism. Lp(a) raising allele rs10455872-G was associated with a smaller diameter of VLDL particles. This allele was also associated with lower concentrations of extra large, large, and medium VLDL particles. Their findings suggest that Lp(a) synthesis affects overall lipoprotein metabolism, and in particular, the synthesis of large VLDL particles in the liver and thereby the triglyceride metabolism in general. Based on these results, they propose that the apoB-containing lipoprotein particle used to form Lp(a) by the covalent attachment of apo(a) may actually also be a poorly lipidated VLDL-type particle. This suggests that circulating Lp(a) particles are likely to be a more heterogeneous group than simply an apo(a) component added to LDL particles (Kettunen et al. 2016) . As triglyceride metabolism is closely associated with insulin resistance, this might also explain inverse association of Lp(a) with features of insulin resistance, including metabolic syndrome and T2DM.
Conclusion
Lp(a) levels are inversely associated with features of insulin resistance and metabolic syndrome. The potential reason for this inverse association is not clear. Some human and animal studies suggest an effect of insulin in reducing Lp(a) levels. These data suggest that insulin resistance may be manifested by a lowering of Lp(a) levels that precedes overt diagnosis of T2DM. Thus Lp(a) might be another lipoprotein, that is associated with metabolic syndrome characterized by insulin resistance. Causal association of Lp(a) with systemic triglyceride and VLDL metabolism, as demonstrated recently by the results of genome wide study, might play a role in this association.
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